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ABSTRACT
In selecting a route for the shipment of hazardous materials, the primaiy 
public safety concern is that routing minimizes risk by avoiding populated areas while 
utilizing the shortest and safest possible routes to reduce time in-state shipments.
Various methods of estimating population likely to be affected includes 
assumption of uniform population distribution, categorization into rural, sub-urban, 
and urban zones with corresponding population density ranges, gradient method 
which distributed population non-uniformly in each method, and analysis using 
various level of aggregation such as national, state, county, tract, and blocks.
This research presents a methodology for estimating population index which 
reflects density ranges for various population groupings. The population index is 
based on the number of tracts, tract density, and county density. The population 
index is initially defined for population < 2500, population 2500-8000, and 
population > 8000. In the absence of more data to validate the results in the latter 
grouping, the index is redefined for population < 2500 and population > 2500. The 
index is used to determine the level of analysis required in evaluating population: 
county, tract, or block level.
Routing analysis based on minimization of risk by minimizing affected 
population is performed for the state of Nevada. The analysis focuses on two 
alternative rail routes that are being considered by the Department of Energy (DOE) 
for the shipment of high level wastes and spent nuclear fuels. These routes include
111
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the Modified Valley Route and Jean Route. Initially, the required level of analysis 
were determined by comparing results of county, tract, and block level of analyses. 
The results were compared with the level of analysis obtained using population index. 
The two routes were compared using minimization of population as a criterion, as 
weU as by evaluating the affected population on the most critical segments of the 
routes. The results show that the population index can be used to determine the 
required level of analysis, although such an index should be used with caution due 
to a veiy limited number of trials that could help validate the results. The analysis 
uses GIS program, ARC/INFO as the analytical tool.
IV
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CHAPTER 1
INTRODUCTION
In the United States the routing of hazardous materials is governed by federal 
regulations, Hazardous Materials Transportation Uniform Safety Act (HMTUSA, 
1990). Shippers, carriers, government agencies, and the public are all concerned 
about the hazards and costs associated with the shipment of hazardous materials. 
Factors that need to be included in routing analysis for hazardous materials 
shipments include shipment distance, time in transit, shipment costs, and risks 
involved. Risk analyses typically aim to include all such factors. The objective of 
such analyses is to minimize total risk subject to specified constraints. In the case of 
radioactive materials transportation, guidelines have been formulated for such 
shipments on highways (USDOT, 1992). Probabilistic Risk Assessment (PRA) 
techniques are commonly used to minimize risks. They focus on probabilities and 
consequences of the universe of events that could occur during shipment. One of the 
criteria being considered in the Department of Energy (DOE) draft routing strategy 
for shipment of radioactive materials is to minimize risk by minimizing potential 
population exposure (DOE, 1994) to address public safety consideration.
This research deals with the minimization of population exposure as a routing
1
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criterion. A "population index" is developed to help in this regard.
1.1 Problem Statement
Existing routing studies address population by assuming uniform population 
distribution. Uniform population density on the macro level is estimated using the 
national, state, county, or tract data, based on data from the U.S. Bureau of the 
Census. More commonly, uniform population density is also assigned for various 
population zones, i.e. rural, suburban, urban. Detailed analysis use data on the block 
level, which is the smallest unit in the census grouping. The method assumes 
uniform population density distribution, which may not truly represent the area, 
especially if the national, state, county, and tract data are used.
The use of national, county, tract, or zonal data is more popular than the 
block level of analysis, especially for first approximations. However, it suffers from 
its inability to identify areas where the population is heavily concentrated, or those 
which are not populated because it assumes that the population is distributed 
uniformly across the area. Oftentimes, the results representing specific areas are 
over or under estimated.
Microscopic analysis which uses block data is more reflective of the actual 
condition, and provides a better approximation. While technology is available to 
support this analysis, this method is often laborious, expensive, and time consuming, 
thus making it less popular.
Selection of either method depends on the required level of analysis and the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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amount of information needed for a particular stage of study (e.g., preliminary 
scoping, feasibility, design, preconstruction, and others). The importance of 
identifying the required level of analysis is illustrated by the following example: The 
1990 national average population density for the United States of America is 
estimated as 27 persons per square kilometer. This assumes that the population is 
uniformly distributed across the entire area. For Nevada, the population density at 
the state level is 4.2 persons per square kilometer. Again, the density is estimated 
by assuming uniform population distribution. Compared to the national level, the 
Nevada state density is around 6 times lower. A Nevada statewide analysis using 
national data will result to an overestimation by about 600 percent. Nevada has 
seventeen counties, each with a unique population distribution. For example, Clark 
County, Nevada has a population density of 35.38 persons per square kilometer. The 
county density is much higher compared to the state and national density. The error 
introduced if a state and national level data are used would be about 800 percent and 
130 percent respectively.
It is perceived that an analytical guide, in the form of a population index, is 
needed to ascertain when a particular level of analysis is required. It is intended to 
answer questions such as: when is it necessary to use a block level of analysis? when 
is a county or tract level of analysis adequate?
12 Purpose of the studyi 01 in i o
The purpose of this research is to develop a methodology of estimating
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population index which reflects density ranges for various population groupings 
and/or analytical zones (rural, sub urban, urban). This index is tested on routing 
analyses based on minimization of affected population. The research is divided into 
three major tasks:
1) Evaluation of population grouping
2) Generation of a population index
3) Validation process
Evaluation of population groupings involves studying the population 
characteristics at various census grouping and zonal classification levels. From these, 
a population index is generated to represent various population groups. Validation 
process is a method of testing the applicability of the population index by performing 
a case study on a specific area. In this study, the validation is performed through 
routing analysis based on minimization of population. Two (2) alternative rail routes 
in Nevada were chosen, and evaluated using population data on the county, tract, and 
block level and the population index that has been developed. These tasks are 
performed in a Geographic Information System (GIS) ARC/INFO software.
13 Significance of the Study
The population index is primarily designed to aid the transportation analysts, 
policy makers and various interest groups in routing analysis. Its purpose is to 
optimize computational effort without unduly sacrificing the accuracy of analytical 
results.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Currently, there is an ongoing congressional debate to develop solutions for 
the disposal of high level radioactive wastes and spent nuclear fuel. Proposed 
solutions include a permanent geologic repository by the year 2010, or an interim 
storage facility in Nevada by 1998. Should either of these options materialize, there 
will be an urgent need to select a route prior to commencing operations at the 
facility. A population index will be very useful in determining the level of analysis 
required for evaluating alternative routes based on minimization of affected 
population.
In this thesis, a review of literature is presented in Chapter 2. Chapter 3 
contains a discussion of key routing issues. Chapter 4 describes the population 
categories and census groupings which are used in the development of a population 
index. Description of data and methodology are presented in Chapter 5. A detailed 
discussion on the development of a population index is presented in Chapter 6. 
Chapter 7 presents a case study to evaluate the applicability of the population index. 
The conclusions and recommendations are presented in Chapter 8.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 2
LITERATURE REVIEW
This chapter summarizes key finding from a review of the literature pertaining 
routing studies. It includes routing models and discussions on studies using 
population as a routing criterion.
Routing of hazardous materials shipments has become an important issue due 
to the potential dangers that might result in the event of an accident, or an incident 
involving hazardous materials. Hazardous materials routing is more complex 
compared to common routing procedures as it needs to take into account not only 
various traditional considerations such as safety, route distance, travel time and costs, 
but also consequences of accidents.
2.1 Routing Models
Many approaches, models and tools have been developed for routing of 
hazardous materials transportation. They address various objectives such as 
minimization of cost, minimization of distance, minimization of travel time, 
minimization of population exposed, minimization of risk, and a number of other
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
objectives which may be of concern to the community and the decision-makers. 
Table 2.1 summarizes those of which deal with population.
Table 2.1 Existing Routing Models
AUTHORS OBJECTIVE FUNCTION COMMENT
Odeiwald & Sontag 
(1990)
base route, minimum 
impedance route, minimum 
population route, minimum 
accident route, minimum 
hazardous accident route
Rail Hazardous Materials 
Routing (Intercarrier Model 
& Quantanet Intercarrier 
Model)
List & Merchandani 
(1991)
minimize risk, minimize cost, 
equitable distribution of risk
Zografos & Davis 
(1991)
minimize population at risk, 
risk to special population, 
travel time, property damage
capacitated multi-objective 
routing model (CMR)
Abkowitz and LepoEsky 
(1993)
transportation network, 
social/demographic factors 
(population), other 
geographical considerations
population is spread in each 
district in a nonuniform 
distribution according to a 
gradient method
Research and Special 
Program Administration 
model (USDOT)
normal radiation exposure; 
public health risk for 
accident; economic risk for 
accident
Lasarre, Fedra and 
Weigkricht (1990)
minimize risk application of GIS
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Studies that address population as one of the factors in routing and risk 
analyses are the Kansas State University (KSU) study, Dallas-fort Worth study, and 
Portland study (Russell and Harwood, 1990).
The KSU model uses risk and consequence factors to evaluate risk. The risk 
factor considers the type and quantity of hazardous materials. The consequence 
factor addresses the environment, population density, properties, and manufacturing 
and storage. The Dallas-Fort Worth Study used a path building algorithm to 
determine minimum risk routes for hazmat shipment. The impact area was based 
on a worst case scenario, and population and employment within 2 mi (3.2 km). 
The Portland Study considered the potential risks to population, employment, and 
property. The impact area is only 0.25 mi (0.4 km) from the highway, which was 
considered adequate for first phase evacuation. In New Mexico (1992), factors 
considered in state route designations are: normal radiation exposure, public health 
risk from accidents, and economic risk from accidents.
Several existing computer models assist in analyzing and choosing routes for 
the transportation of hazardous materials. These models can be utilized for both 
highway and rail routing since they include parameters applicable to both transport 
modes. These include parameters such as travel time, length of route, and 
population densities. Some of these models are described below:
INTERLINE is a rail routing model developed for use in identifying routes 
transporting radioactive materials by various modes including rail and barge.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Rail routes are identified by minimizing the total impedance between the origin and 
destination. The model attempts to maintain the same originating railroad 
throughout the duration of the trip by imposing penalty on transfers. Also, the 
length of travel is maximized on the originating carrier.
Railroad Hazardous Routing Package (WIEB, 1995) is a computer model 
developed by ALK & Associates. In this model, a network of rail lines is divided 
into junctions, where railcars can switch carriers and links which connect junctions. 
The model’s algorithm enables optimal routes to be determined by minimizing 
"impedance". Impedance is a function of the population density within a quarter-mile 
of each link, the length and track class of each link, and the estimated time delays 
associated with different types of junction. The impedance of a route can be reduced 
by avoiding areas of high population density, improving track quality, and minimizing 
the distance traveled and length of time spent at junctions.
Tumquist and Werk developed a route assessment model that identifies a set 
of efficient alternatives using multiple criteria. This model establishes a network of 
nodes and links, representing junctions and roads or rail lines, respectively and 
assigns parameter values to each link. Potential routes are chosen based on criteria 
such as cost and distance. Use of criteria such as travel restrictions, travel time, and 
population exposure could be compared to a particular route for alternative 
scheduling.
The DANTRAN model uses a time and place network that allows 
simultaneous scheduling and routing analysis. It can indicate optimal departure
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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times. DANTRAN was tested on the states interstates highway system and can also 
be used for evaluation of rail routes.
StateGen (Erickson, 1988) was developed by Sandia National Laboratories. 
It allows individual states to assess potential highway and rail routes for the 
transportation of hazardous materials. It can be run on IBM PC or compatible 
machine. The user inputs a network of roads or rail lines, and may assign values up 
to 30 parameters. Such parameters include population density, traffic and road 
characteristics, and accident rates to various points for segments throughout the 
network. The program determines the route in which a particular parameter is 
maximized or minimized. Comparing multiple criteria can be accomplished by 
further processing of StateGEN data by Sandia’s TRANSNET system.
A routing model was developed by System Technology Laboratory, Inc of 
Arlington, Virginia. This model calculates the radiation exposure risk associated with 
a particular route during normal transportation conditions and during accidents of 
varying severity, given stopovers times, travel times, and estimated time spent in 
zones of varying population density. The sensitivity of the overall risks to changes 
in each parameter can be determined as well. The costs and benefits associated with 
various routes can be compared. The initial paper discussing this model concluded 
that the high economic cost of rerouting to minimize population exposure often 
outweighed the advantage of reducing exposure levels.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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22  Population Routing Criteria
Various methods have been adopted to estimate population related to routing 
and risk assessment for hazardous materials transportation as shown in Table 2.2. 
The Department of Transportation Hazardous Materials Routing Guidelines 
(USDOT, 1994) recommends that population density and accident rate be used for 
estimating the population at risk. The estimation of population at risk is considered 
one of the criteria in selecting routes for hazardous materials. The guidelines 
recommend using the census tract data to estimate the fraction of the population 
along the route. The bandwidth along each route is based on the evacuation 
distance for nine classes of hazardous materials. These classes include: combustible 
liquid; flammable liquid; flammable solid; oxidizer; non-flammable gas; flammable 
gas; poison; corrosive; and explosive.
In his risk study for transporting dangerous goods by road and rail for the 
United Kingdom, Purdy (1993) characterized the population distribution by a limited 
number of population categories: urban, sub-urban, built-up rural, and rural. Each 
category was represented by an average situation. The length of the transport route 
along which each category of population exists was obtained using computerized 
techniques for handling census and other demographic information. He mentioned 
that while GIS handled such data, manual technique, using maps, provided a more 
acceptable level of accuracy.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 2.2 Routing Models Describing Estimation of Population Density
A uthor Model Objective Function Description
Oderwaid & 
Sontag (1990)
Quantanet
Intercarrier
Model
minimum impedance 
route, minimum 
population route, 
minimum accident 
route, minimum 
accident route
minimum 
population route 
is determined by 
the population 
along each link
Turnquist and 
List (1991)
Multi­ operating cost, accident
objective rate, population
routing exposure, number of
analysis schools in exposure
area
analyzed
population density 
at the tract level, 
assumed
population in each 
tract as uniformly 
distributed, error 
induced 
is small due to 
size of tracts 
relative to the size 
of the analysis 
area analyzed
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Table 2.2 Routing Models Describing Estimation of Population Density (cont.) 13
Author Model Objective Function Description
Zografos and
Davis
(1988)
Multi- 
Objective 
Routing 
Model 
(capacitated 
and non­
capacitated)
population at risk, risk 
imposed on special 
categories, travel time, 
property damage
population at risk 
measured as a 
probability of an 
accident and 
consequence
Robbins
(1983)
model to 
minimize 
shipping 
distance and 
size of 
population
shipping route and 
population size
Klein (1991) Fuzzy models safety, distance, 
environment, 
population density, etc
Joy and 
Johnson 
(1983)
HIGHWAY
Model
travel time, travel 
distance, population, 
cost
Abkowitz and
Lepofsky
(1990)
link distance, damage 
to population and 
properties
population is 
distributed non- 
uniformly using 
gradient method
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Kempe and Grondin (1993), in their study relating to Canadian nuclear fuel 
waste, define urban and rural areas according to concentration of population and 
population density. These two divisions are too broad for the purposes of the used 
fuel transportation assessment, therefore, population was defined into urban, sub­
urban and rural zones. The population data were then characterized by the fraction 
of each route falling into each classes. The average density found in each zone, for 
the reference routes, were used in the calculation. For road, an estimate was made 
of the household density within 1600 m of the highway, compared with that in the 
township as a whole. This factor was applied to the data obtained from the Ontario 
Municipal Directory, to correct for the fact that some rural areas show higher than 
average population densities along the highways.
A study conducted by Tumquist and List (1991) for the Capital District of 
New York State assumed that the population in each tract is uniformly distributed 
across its area. "While the assumption of uniform distribution is not true, the tracts 
are small relative to the size of the analysis area, so the error caused by the 
approximation is not large" (Tumquist, 1991). In the study, the calculation of 
population distribution is based on average population density along the route (e.g. 
determine the persons inside the 5-mile band and dividing the number by the area 
inside the band).
Abkowitz and Lepofsky (1990), used the gradient method in estimating 
population. Abkowitz, et al. (1990) indicated that "the principal social/demographic 
factor that is operational in the hazardous materials transportation routing model
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
15
(using GIS) is population. This is a GIS data base of enumeration district centroids 
with attribute information, available through the Bureau of Census. A 
comprehensive procedure has been applied to these data to create an enumeration 
district boundary file and spread the population in each district non-uniformly across 
this area according to a gradient method. The gradient method is based on the 
premise that the population in a district is likely to be distributed proportionate to 
the population densities of neighboring districts. Consequently, of two equal-sized 
areas located within the same district, the area located closer to a neighbor with 
greater population density will be assigned a greater proportion of the district 
population than the area located closer to a neighbor with a lower population 
concentration. Madhavappedi and Sathisan (1995) presented an alternate technique 
to estimate the distribution of population. They based the distribution of population 
(from Census data at the block level) on the access to the road network within the 
area. The primary assumption in this approach was that residential population would 
be located proximate to roads.
Cheng (1988) concluded that for routing of truck shipments of hazardous 
materials, the minimum population paths are significantly different from the 
minimum distance path, and minimum population paths vary with respect to the 
width of the band along the path.
The FHWA guide requires, as a minimum, access to detailed population data 
at the census tract level (FHWA, 1990). Many users of the procedure may find 
themselves without convenient access to such detailed data or without the analysis
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staff needed to use such data it were available. Furthermore, preliminary analyses 
conducted with more generalized population data may be useful as a screening tool 
to identify and eliminate obviously unsuitable routes. The guide should provide some 
default estimates of population density on which such a preliminary analysis could 
be based.
FHWA’s current guide for the transportation of hazardous materials is most 
appropriate for medium size communities with a small professional staff and a few 
well-defined alternative routes. Harwood and Russell (1990) noted that it would be 
desirable to revise the structure of the FHWA routing guide to address the needs of 
at least three types of users:
-small communities without professional planning staff and without access to 
detailed accident and population data required for risk assessment; 
-medium-sized communities with small professional planning staff that has 
manual access to the required accident and population data required 
for risk assessment; and 
-major statewide or metropolitan area routing studies with a large 
professional planning and computerized access to the required accident 
and population data.
Chagari (1994) introduced an Urban Population Index (UPI) to represent the 
concentration of population in an area. While Chagari’s UPI can be used as an 
index of the population concentration of an urbanized area, the UPI is based mainly 
on 17 counties in Nevada and its validity has never been verified.
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Thus, it is evident that there is a need for estimating the distribution of 
population along transportation networks. A key issue to be addressed is the level 
of detail necessary to support various analyses. While block level data are available 
from the U.S. Bureau of the Census, the efforts required to process such data may 
be extensive and beyond the capabilities or resources available.
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CHAPTERS 
ROUTING ISSUES AND POLICIES
This chapter discusses the routing issues, and policies and guidelines 
concerning the safe transport of hazardous materials. Various issues in choosing a 
route for the shipment of hazardous materials, particularly high-level waste and 
spent-nuclear fuel materials include population, risk, cost, safety, infrastructure, 
environment, etc. Some of the routing policies and guidelines on the federal, state 
and local levels have been addressed in this chapter.
Routing issue is one of the most contentious when making decisions on the 
transportation of hazardous materials. Not only do the decision-makers and analysts 
have to address these issues, but they also have to recognize the existence of several 
interested parties, the shippers, carriers, federal agencies, state/local agencies, citizen 
groups, and the public that are involved or affected in the shipment of High Level 
Waste (HLW) and Spent Nuclear Fuel (SNF) materials. Thus, it is the responsibility 
of the decision-makers and analysts to ensure that the interests of each stakeholder 
is properly addressed and each issue is carefully dealt with.
18
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3.1 Routing Issues
Various criteria such as population density, minimization of transport cost, 
minimization of risk, safety, type of highway, etc. are utilized to determine the best 
possible routes for hazardous materials shipments. The most common routing 
method involves finding the shortest route or quickest route between two points 
(origin and destination) using the shortest path algorithm.
Several issues affecting routing for the transportation of hazardous materials 
are discussed below:
Risk. One of the most critical routing issues is the risk of transporting 
hazardous materials. Factors that have to be considered are humans (especially 
health effects in the event of an accident), transportation mode and cargo, 
transportation system and the environment. Common risk measures include cost of 
impacts to population, property, environment, and the transportation system.
Population. Shipment through highly populated area result in more people 
being exposed during normal transportation and more people being affected in the 
event of an accident or incident involving a release. Avoidance of highly populated 
areas is one of the primary routing concerns.
Travel distance. One of the most common routing criteria is the travel 
distance. While the shortest distance may not automatically lead to lowest cost (e.g., 
toll, terrain, road condition) this may result into lower population exposure and 
lowers the exposure measure for the potential for accidents.
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Travel time. The length of time the hazardous materials truck/train would be 
in the road should be kept to a minimum. This would lower the operational costs 
(e.g., crew costs), and minimize the population exposed as well as the probability of 
accidents. Travel time is often affected by traffic volumes, condition of track or 
pavement, weather, topography and delays due to stoppages.
Traffic Volume. Traffic volume is more critical in highway routing than in rail 
routing. Highways with high traffic density should be avoided as much as possible 
because of increased traffic delays, slower speeds and subsequently higher probability 
of accident. There would also be a greater number of on-link population exposed.
Accident rate. The accident history of the network elements being considered 
for routing should be studied. This should include various factors such as the 
location of accidents, accident rates, severity of accidents and the number of fatality, 
amount of property damages and causal effects.
Regidations. Due to potential safety risks from transporting hazardous 
materials, regulations have been enacted to protect and preserve public safety and 
welfare, and those of the environment and property. Routing should be based on the 
existing federal, state and local regulations.
Emergency preparedness. One of the routing considerations is the capability 
to respond to an emergency or accident involving hazardous materials. The location 
of emergency response facilities, and the number of responding units are among the 
key variables to be considered.
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Shipment. It is necessary to identify the types of hazardous materials being 
shipped, the frequency of shipment and the time of day shipment would be made.
Other. Other factors include physical condition of the infrastructure (i.e 
pavement, track), load limitations, and others which could influence route selection.
While most of the issues are quantifiable, others are not. The following 
identifies quantifiable and non-quantifiable issues:
Issues Quantifiable?
Risk Y
Population Y
Travel distance Y
Travel time Y
Traffic volume Y
Accident rate Y
Regulations Y/N
Emergency preparedness/response Y/N
Shipment Y/N
Consideration of these affecting issues would provide a more realistic 
assessment of the hazardous materials transportation route. This would enable 
representation of variables that will have great significance on the selection of routes. 
Presently, existing models include issues such as travel distance, population (and the 
risk associated to it), and cost.
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3.2 Routing Policies and Guidelines
In the United States the routing of hazardous materials on roadways is 
governed by several federal regulations such as the HM-164, that requires trucks to 
follow the most direct interstate route and avoid large cities if an interstate bypass 
or beltway is available. Another federal regulation is the Hazardous Materials 
Transportation Safety Uniform Act (HMTUSA) of 1990 which reaffirmed the federal 
government’s right to preempt state, local or tribal government laws directed at the 
transport of hazardous materials. The HMTUSA is aimed to increase the efficiency 
and safety of intrastate, interstate and foreign commerce shipments of hazardous 
materials and to establish uniform guidelines and highway routing standards. These 
federal regulations serve as a basis for three (3) routing criteria, namely:
1. The minimization of the number of people brought into contact
(population)
2. The minimization of the probability of accident
3. The minimization of property damages
The Department of Energy has released a draft discussion paper entitled Rail 
Route Selection for DOE Unclassified HRCQ Shipments (WIEB, 1995). This paper 
described the Department of Energy’s process in developing the rail route selection 
criteria and a methodology to apply these criteria for its unclassified Highway Route 
Controlled Quantity (HCRQ) shipments of hazardous materials. The draft proposes 
a two-stage process for selecting routes. The first stage is to determine which type 
of rail service (general commerce or dedicated trains) is to be used. Once the type
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of service is determined, the draft outlines the steps for identifying general commerce 
routes (WIEB, 1995):
(1) Select the origin and destination points for the rail shipment.
(2) Use a rail routing model to determine a base route and a
feasible alternative routes that have an impedance value 
within some (to be determined) percent of the 
impedance of the base route.
(3) Determine the population within some number of miles of
the track along the base route and alternative routes.
Eliminate all routes that are not within some percent of 
the route with the lowest population.
(4) Contact the originating rail company to determine if the
route they plan to use in general commerce is consistent 
with alternative routes remaining after Step 3.
(5) If the rail company proposes a route not remaining after
Step 3, conduct a computer run to determine the 
impedance and population along the proposed rail 
company route to determine if it is within acceptable 
limits of the base route.
(6) Review results with the rail company(s) to determine if a
route acceptable to DOE can be negotiated.
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(7) If agreement cannot be reached between DOE and the rail
company(s), DOE will consider dedicated or special train 
service.
(8) If route selection issues can be adequately addressed within
the context of general commerce operation, notify 
affected states of the route that will be taken and 
coordinate with the states to address concerns that they 
have.
The draft proposes a similar process for selecting a route using dedicated or 
special train.
32.1 Federal Routing Guidelines
Federal regulations have been enacted in relation to the transport of 
hazardous materials some of these regulations are the Nuclear Waste Policy Act 
(NWPA) of 1982, Nuclear Waste Policy Amendments Act (NWPAA) of 1987, 
Hazardous Materials Transportation Act (HMTA) of 1975, and Hazardous Materials 
Transportation Uniform Safety Act (HMTUSA) of 1990.
The HMTA of 1975 provides the U.S. Department of Transportation (US 
DOT) the authority to regulate the routing of hazardous materials shipments. The 
HMTUSA is "intended to improve the regulatory and enforcement authority of the 
Secretary of Transportation to protect against risk to life and property inherent in 
the transportation of hazardous materials" (NTIA Draft, 1992). This act enables
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States and Indian Tribes to establish and enforce routing requirements or designate 
specific highway routes within their jurisdictions provided affected states and 
industries outside their jurisdictions will be consulted and these will not unreasonably 
affect flow of commerce.
Other federal regulations include the Department of Transportation 49 CFR 
397.101; 1982 (HM-164) which requires trucks to follow the most direct interstate 
route and avoid large cities when an interstate bypass or beltway is available; states 
can designate alternative routes; the Department of Energy (DOE), Office of Civilian 
Radioactive Waste Management (OCRWM) DOE Order 54801.1 which regulates 
radioactive waste shipments for defense and national security; the USDOT HM-164 
(49 CFR, 397.101) 49 CFR - Parts 171 and 177 (HM-164) which relates to 
transporting, routing, designation of preferred routes, and preemption of State/local 
regulations.
With respect to rail routing, no federal agency is required to select rail 
routes, nor has any federal agency adopted rules requiring shippers and carriers to 
use certain guidelines in selecting rail routes. The shipper has the ability to dictate 
the route that will be used. Under the existing system, an individual railroad 
generally selects routes so as to maximize the distance a shipment spends on that 
railroad’s tract, thus maximizing the railroad’s shipping revenue. This does not 
necessarily lead to the most desirable routes from the states’ perspective because it 
sometimes lead to circuitous routing, use of lower quality track, increased number 
of switches, or undesirable switching points (WIEB, 1995).
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3 2 2  State/Local Routing Guidelines
Several Federal, State, Indian Tribe, and local agencies have authority to 
regulate routing of hazardous materials. Sometimes the regulations of the State, 
local agencies, or Indian Tribe contradict the Federal regulations and are overriden. 
Some States designate their own routes for hazardous materials shipments while 
others choose not to exercise the authority they have been given.
According to American Association of State Highway and Transportation 
Officials (AASHTO) survey for hazardous materials routing and signing practices, 
only 22 of 46 responding States have routing authority over hazardous materials 
shipments. The authority in each State, and the manner that authority is exercised 
differs widely. The States of Arkansas, California, Colorado, Iowa, Kentucky, New 
Mexico, Nebraska, Tennessee, and Virginia have designated their own routes for 
shipment of hazardous materials. At present, the State of Nevada is in the process 
of evaluating alternative routes which may be used for state route designations.
The AASHTO survey also found that local agencies are exercising routing 
control over shipment of hazardous materials in 19 of the 46 States. In seven of the 
19 States, the local agencies exercise routing authority over all roadways, including 
State highways. The remaining twelve States, local agencies control only non-State 
highways.
Local authority over routing of hazardous materials varies widely in each 
State. Columbus, Ohio, has implemented a type of routing restriction that requires 
that all through shipments of hazardous materials to use an outerbelt interstate
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highway around the city. Some local agencies conduct studies on routing of 
hazardous materials. One example of this type of study was for the Dallas-Fort 
Worth metropolitan area, conducted by the North Central Texas Council of 
Governments.
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CHAPTER 4
POPULATION CATEGORIES AND CENSUS GROUPINGS
This chapter provides a description of the population categories based on 
geographical levels and census groupings. These categories are national, state, 
county, census tract, and census block. Census groupings are classified into rural, 
urban, urbanized area, and metropolitan area.
Population data are obtained from the Bureau of the Census, while the 
geographical data are from the TIGER files. Population data are collected by the 
Bureau of the Census every ten years and are available for each group. The 1990 
data are used in this study.
4.1 Population Categories
The Bureau of the Census categorizes population according to various 
geographical levels: national, state, county, census tract, and census block. A 
graphical illustration of each group is shown in Figure 4.1. The level of aggregation 
increases from the block level down to the national block level as illustrated in Figure 
4.2. The national level represents the total population for the entire United States 
of America. The Unites States of America comprises of 50 States with a national
28
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Figure 4.1 Population Categories Based on Geographical Levels
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total population of 248,709,873 based on the 1990 Census data. The state level 
represents the total population of all the counties and independent cities within a 
state. For Nevada, the population is 1,201,833 spread over an area of 284,396.2 
square kilometers.
In most States, the primary political divisions are termed "counties". In 
Louisiana and Alaska, these divisions are known as "parishes" and "borroughs" 
respectively. In four states (Maryland, Missouri, Nevada, and Virginia), there are 
one or more cities that are independent of any county organization and thus 
constitute primary divisions of their States. These cities are known as "independent
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cities" and are treated as equivalent to counties for statistical reasons. Nevada 
comprises of seventeen counties, each with a unique population distribution.
Census tracts usually have between 2,500 and 8,000 persons and, when first 
delineated, are designed to be homogeneous with respect to population 
characteristics, economics status, and living conditions. Census tracts occasionally are 
split due to large population growth, or combined as a result of substantial 
population decline.
Census blocks are small areas bounded on all sides by visible features such as 
streets, roads, streams, and railroad tracks, and by invisible boundaries such as city, 
town, township, and county limits, property lines, and short, imaginary extensions of 
streets and roads.
4.2 Population Census Groupings
Census groupings are classified into rural, urban, urbanized area and 
metropolitan area (US Bureau of the Census, 1990). The rural population includes 
people living in places with population under 2,500 and people living outside of 
places if they are not within urbanized areas. An urban area could be a part of a city 
or town. Urban population consists of persons living in "urbanized areas", or in 
places with a population of 2,500 or more outside of "urbanized areas". An 
urbanized area comprises of one or more places ("central place") and the adjacent 
densely surrounding territory ("urban fringe") that together have a minimum of 
50,000 persons and generally having a density of at least 1,000 persons per square
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mile (1600 persons per square kilometer). Metropolitan area is defined as one of a 
large population nucleus, together with adjacent communities that have a high degree 
of economic and social integration with that nucleus. Each metropolitan area must 
contain either a place with a minimum population of 50,000 or a Census Bureau- 
defined urbanized area and a total of at least 100,000.
43 Distribution of Census-Designated Piaces by Population Size
The Bureau of the Census also designates places by population size. This 
includes places with population; a) under 2500; b) 2,500 to 9,999; c) 10,000 to 
99,999; d) 100,000 to 499,999; and e) 500,000 or more.
At the national level, sixty-four percent of the places fall into the smallest size 
category, with 1990 population of less than 2,500; 87% had 1990 population of less 
than 10,000. Only 200 places had 1990 populations of 100,000 or more; of these, 
only 24 exceeded 500,000. Figure 4.3 shows the places in Nevada with Census 
population size designation.
4.4 1990 Population Data (Bureau of Census)
Population data for the state of Nevada were used to estimate the variations 
in area, density, and population in the state, county, tract, and block level. The 
national average data were also used as a comparison factor. These data were 
obtained from the 1990 Bureau of the Census. The following describes the data 
representing individual population group.
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4.4.1 Population Distribution by Geographic Division
National. The United States has a total population of 248,709,873. It has a 
national average population density of 27.2 persons per square kilometers (sq km) 
representing the 50 states. Considering only the 48 contiguous states (mainland), the 
density is around 32.23 persons per sq km.
State. Based on 1990 data, the State of Nevada has a total population of 
1,201,833 spread over an area of 284,396 sq km. The average population density is
4.2 persons per sq km. The state average density is only about 15.44 percent of the 
national average.
County. The State of Nevada has seventeen (17) counties. The population 
of the 17 counties ranges from 1344 (Esmeralda) to 741,459 (Clark). In the last five 
years Clark county has experienced a very rapid population growth and the 
population is currently estimated to be in excess of 1 million. Figures 4.4 and 4.5 
show the population and density distribution of individual county. There is a large 
variation of density at the county level, with concentration of population in urban 
counties. Most of the counties have a density between 0-1 person/sq km. Carson 
City is the only county reaching over 100 persons per sq km. Clark County has the 
second highest density of around 35 persons per sq km.
When the density of most counties is compared to the national average, the 
county density tends to be below the national average. There is an even higher 
percent variation with the state average. The state average is generally higher than 
most counties, with two counties, Clark county and Washoe county skewing the State
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average. The population distribution in the State of Nevada is discussed in detail in 
Chapter 6.
Tract. Nevada has a total 273 tracts, out of which 30 tracts have no 
population. Each county is divided into tracts. The number of tracts in individual 
county ranges from 1 to 118, with Pershing and Storey having the lowest number of 
tract and Clark County having the highest number of tracts. Figures 4.6 and 4.7 
show the population and population density distribution of individual tracts in each 
county, respectively. For population < 2500, the mean density is 256.62 persons/sq, 
for population 2500-8000, the mean density is 1416.17 persons/sq km, and for 
population >8000, the mean density is 1596.50 persons/sq km. In Table 4.1 the 
number of tracts, density distribution, population distribution, and area distribution 
are summarized for each population group. Tables 4.2 to 4.5 show the number of 
tracts, population range, and distribution by population range for population under 
2500, population 2500 to 8000, population 8000 to 10,000, and population greater 
than 10,000, respectively. Tables 4.6 to 4.9 summarize the population classification, 
number of tracts, area range, and area distribution.
Block. Nevada has a total of 32,879 blocks. The number of blocks in 
individual county ranges from 198 to 8598. Figures 4.8 and 4.9 show the block level 
population and density distribution in each county. The density ranges in the block 
level do not vary with zone, and often misleading, i.e. 3500 person/sq km in urban 
zone may equal 250 people, while 3500 person/sq km in rural zone may equal 50 
people because of the variation in area.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
38
Eureka
iLander
Esmeralda
Lincoln
Legend
<2500
>8000
"igure 4.6 Population Distribution in Nevada - Tract Level
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
39
Les
,Den>/256.62 
, Den <1416.17 
,Den>/1416.
Pop >8000, Den >/1596.50
Density=persons/sq km
"igure 4.7 Population Density Distribution in Nevada - Tract Level
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CD"O
O
Q .
C
g
Q .
■D
CD
Table 4.1 Population Distribution by Population Group
3
C/)
C/)
o '
Population No. of Density Distribution, (pcrson/sq km) Population Distribution Area Distribution, (sq km)
0 Group Tracts
3"
CD
8
population 54 68.52% of tlie tracts have densities Roughly 26% of the tracts have 50% of the tracts have areas
(O'
under between 0-10 person/sq kni population of <500 people, between 1000-3000 sq km. 24%
i
2500 while 68% have population of have areas of around 7000 sq
CD
around >500 to more than km. 12.96% has an area >
C
3.
3" 2400 people. 9000 sq km.
CD
CD
■D
population 149 57.05% of tlie tracts have densities >
0
Q.
C
0
between 1000 pcrson/sq kni
o'
3 2500-8000
"O
0
3" population 28 64.29% of the tracts have densities
<—H
CD
Q. between > 1000 person/sq kni
1—H
3"
0 8001-
■ 0
CD 10000
3
C/)(/) population 12 66.66% of the tracts have densities
0
3
> 10000 > 1000 pcrson/sq km
Table 4.2 Population under 2500
41
Population Range Distribution % distribution
1-500 15 25.86
501-1000 6 10.34
1001-1500 10 17.24
1501-2000 11 18.97
2001-2499 12 20.69
Total 54 100%
Table 4.3 Population 2500-8000
Population Range Distribution % distribution
2500-3500 30 20.13
3501-4500 31 20.81
4501-5500 34 22.82
6501-6500 27 18.12
6501-7500 19 12.75
7501-8000 8 5.37
Total 149 100%
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Table 4.4 Population 8000-10000
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Population Range Distribution % distribution
8001-8100 2 7.14
8101-9100 17 60.71
9101-10000 9 32.14
Total 28 100%
Table 4.5 Population >10000
Population Range Distribution %distribution
10001-11000 8 66.67
11001-13000 1 8.33
13001-15000 1 8.33
15001-19000 1 8.33
> 19000 1 8.33
Total 12 100%
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Table 4.6 Areas with Population under 2500
Area Range (sq km) Distribution %  distribution
0.61-1000 20 37.04
1001-3000 7 12.96
3001-5000 13 24.07
5001-7000 7 12.96
7001-9000 3 5.56
> 9000 4 5.56
Total 54 100%
Table 4.7 Areas with Population between 2500-8000
Area Range Distribution % Distribution
0.61-500 126 84.56
501-1000 4 2.68
1001-1500 5 2.68
1501-2000 2 3.36
2001-4000 3 1.34
4001-5000 3 2.01
> 5000 9 6.03
Total 149 100%
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Table 4.8 Areas with Population between 8001-10000
Area Range (sq km) Distribution %distribution
1-5 10 35.71
6-20 9 32.14
21-50 6 21.42
51-250 2 7.143
> 250 1 3.57
Total 28 100%
Table 4.9 Areas with Population >10000
Area Range Distribution %distribution
1-10 7 58.33
11-20 1 8.33
21-30 0 0
31-40 2 16.67
41-50 0 0
51-60 0 0
61-70 1 8.33
71-80 1 8.33
Total 12 100%
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Figure 4.8 Population Distribution in Nevada - Block Level
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CHAPTER 5 
GIS DATABASE AND METHOD OF ANALYSIS
This chapter describes the analytical data and method of analysis used in this 
study. The data are divided into two groups: population and network. The analysis 
is divided into three stages, namely: analysis of population distribution; development 
of a methodology to estimate population index; and route evaluation based on 
minimization of population.
The population distribution was analyzed using a Geographic Information 
System (GIS) program, ARC/INFO version 7.1.2 (ESRI, 1990). Population data 
were used to evaluate population density and develop the population index, which 
were later applied in evaluating alternative rail routes. Another program used is the 
Microsoft EXCEL version 5.0.
5.1 GIS Database
In general, the GIS database used in the analysis are consists two groups, 
namely:
1) TIGER Data
2) Rail Network Data
47
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TIGER Data are developed by the U.S. Bureau of the Census. The TIGER 
data contain the most diaggregated level of population information, i.e., population 
at the block level. The TIGER data also include the highway and rail networks, and 
other physical and administrative boundaries of relevance to the census. Population 
data are the 1990 Bureau of the Census population data on the block level. Rail 
network data include the rail alignments used for evaluating alternative rail routes, 
namely Modified Valley and Jean.
Data collection and management include identification of data needs, 
evaluation of available data, data collection, update of existing database and creation 
of new database.
The Universtiy of Nevada, Las Vegas (UNLV), Transportation Research 
Center (TRC) maintains block level population data in GIS ARC/INFO format. The 
UNLV,TRC data served as a starting point for the creation of new population 
coverages on track, county and state levels, and other supplemental data. Table 5.1 
summarizes the sources of data used in this study and the time period they represent.
5.2 GIS as an Analytical Tool
The analysis of population distribution and evaluation of routes were 
performed using GIS ARC/INFO Version 7.1.2. ARC/INFO is one of the GIS 
software that is capable of facilitating intelligent analysis and maintaining spatial data. 
Specific applications of GIS to this study include database storage, population 
analysis, and evaluation of alternative routes. Some of the ARC/INFO modules used
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include the main modules ARC, and sub-modules INFO, ARCEDIT, ARCPLOT, 
and AML. Figure 5.1 explains and illustrates the modules used to perform the 
analytical works.
Table 5.1 Sources of Data
Coverages Sources Year of 
Data
Proposed Rail Alignments GISMO/Clark County 
Comprehensive Planning
1995
Road Network GISMO/Bureau of the Census 
(TIGER files)
1994/1990
Railroads Bureau of the Census (TIGER 
files)
1990
Counties Bureau of the Census (TIGER 
files)
1990
Population Bureau of the Census 1990
5J5 Method of Analysis
The analysis comprised three (3) stages:
1) Analysis of population distribution
2) Estimation of population index
3) Route evaluation based on minimization of population
Figure 5.2 illustrates the analytical stages adopted in this study. Using
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analysis
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Tract
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Development 
of index
GIS coverage
Population density 
analysis
Comparison of 
results 
Index Vs. Density
'igure 5.2 Method of Routing Analysis
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ARC/INFO, coverages were created/updated to represent the block, tract, county, 
and state level of population. The population density was analyzed on each 
population group. Similarly, the block, tract, county, and state population data were 
used to develop population index using Microsoft Excel version 5.0. Routing analyses 
were performed based on minimization of affected population. The required level 
of analysis for population estimation is population index.
5 J . l  Analysis of Population Distribution
Coverages were created to support the analysis using the main coverage which 
contains the block level data. New coverages were created to represent the tract, 
county and state population data. A series of Arc Macro Language (AML) 
programs were developed to process these. GIS-based population analyses were 
performed at various census levels. Such analyses include the following:
1. State Level
i) estimating the area in metric unit, sq km
ii) estimating the total population for the state
iii) estimating the density of the state
2. County Level
i) estimating the area in metric unit, sq km
ii) estimating the population for each county
iii) estimating the density for each county
3. Tract Level
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i) estimating the area in metric unit, sq km
ii) relating the county code for each county to tract number of each 
county
iii) estimating the population in the tract level using the block level
coverage
iv) estimating the density for each tract
4. Block Level
i) estimating the population in the block level
ii) estimating the minimum and maximum population, area, density
of blocks
5J.2 Development of a Methodology to Estimate Population Index
Population variables were evaluated to determine the variables that could be 
used to measure population index as discussed in Chapter 6. These variables include:
- total number of blocks per tract
- total number of tracts per county
- average population per block
- average area per block
- average population per tract
- average area per tract
- average population per county
- average area per county
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533 Alternative Route Evaluation
Evaluation of alternative routes involves four steps, namely:
1) Creation of route coverages
2) Buffering routes to define impact area
3) Estimation of affected population along routes at county, tract ,
and block level
4) Determining the required level of analysis
using detailed population estimation
5) Determining required level of analysis using
population index
6) Comparison of results obtained from Steps 3 and 5.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 6
ESTIMATION OF POPULATION INDEX
This chapter presents a methodology for estimating the population index 
based on the number of tracts and density of population. Prior to the development 
of an index, the variation of population and population density in each census level 
is evaluated to identify the variables that could be used to define the index. The 
variables representing tract data are used as the basis of estimating the population 
index because the population distribution at the tract level shows the least variation 
compared to the distribution of other census groupings.
6.1 Population Index Variables
Variables that are likely to be used as an indicator of the population index at 
various levels of aggregation were evaluated. These variables include the population 
density at the state, county, tract, and block levels, number of tracts, and number of 
blocks. Discussions on these variables are presented below.
55
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6.1.1 Population Density
County Level Distribution. Individual counties are assigned identification 
numbers for representation as shown in Table 6.1. The table provides a summary of 
the total population, total area, average density of individual counties. It also 
provides the total number of tracts and blocks for each county with population and 
with no population, respectively. A graphical representation of relationship between 
the county population and density ranges is illustrated in Figure 6.1. The graph 
exhibits high variation in the total population-population density distribution.
Figure 6.2 illustrates the variation of population density in each county. The 
figure also shows the national and state average density. It can be noted that the 
individual county average density is generally lower than the state average and much 
lower than the national average. Only 4 counties exceed the state average, and only 
two exceed the national average. This implies that a local analysis which uses the 
national and state average may result in an overestimation of the population. In 
some counties, it may result to an underestimation (i.e., Clark, Washoe). The 
percentage differences between the county and national average, and county and 
state average are presented in Figure 6.3. Compared to the national average, the 
average densities of counties in Nevada are either higher or lower. Carson City is 
around 400 percent or 4 times higher than the national average which indicates a 
high concentration of population in this County. Q ark County is around 33 percent 
higher than the national average. All other counties are lower than the national
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ID County Code Total
Population
Total 
Area, sq km
Density 
person/sq km
Total
Tracts
Total
Blocks
Tracts w/ 
No Pop
Blocks w/ 
No Pop
1 Churchill 001 17938 13004 30 1.38 5 1979 12 1365
2 Clark 003 741459 20954.61 35.38 119 8598 2064
3 Douglas 005 27637 1911.30 14.46 6 1574 810
4 Elko 007 33530 44545.29 0.75 16 3294 2517
5 Esmeralda 009 1344 9288.77 0.14 2 202 140
6 Eureka Oil 1547 10818.59 0.14 4 654 1 555
7 Humboldt 013 12844 25000.40 0.51 6 1554 1204
8 Lander 015 6266 14283.80 0.44 3 519 373
9 Lincoln 017 3775 27553.20 0.14 4 808 680
10 Lyon 019 20001 5222.79 3.83 6 1874 1 1165
11 Mineral 021 6475 9871.47 0.66 3 663 459
12 Nye 023 17781 46998.41 0.38 5 2077 1608
13 Pershing 027 4336 15708.15 0.28 1 881 708
14 Storey 029 2526 683.45 3.70 1 198 134
15 Washoe 031 254667 16974.41 15.00 48 5497 8 2103
16 White Pine 033 9264 23043.15 0.40 3 1361 976
17 Carson 510 40443 403.84 100.15 11 1145 432
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average. The difference between the state and county average in Carson City is 
much higher (county is around is 26 times higher than the state average) compared 
to that of the national and county average. Clark County average is around 860 
percent or 8.6 times higher than the statewide county average. Clark and Washoe 
Counties have county averages higher by 360 percent (3.6 times) than the state 
average. Lyon County average of 3.9 persons per sq km is about the same as the 
state average of 4.2 persons per sq km. Other counties have county averages less 
than the state average. The density relationship between county and state is 
evaluated as follows;
ds -   (6-2)
 ̂ Pop,.
'  2 :  fq p /
  (6-3)
d . Area ; jl
where:
dj = density of county i
dj = density of state
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Popi = population of county i 
Area; = area of county i 
The relationship between the density ratio and the county population of the 
seventeen counties in Nevada is presented in Figure 6.4. The ratio can be grouped 
into three (3) categories: ratio less than 1.0 representing majority of the counties; 
ratio between 1 to 10 representing Douglas, Washoe, and Clark; and ratio greater 
than 10 representing Carson. The results show no general trend. The ratios merely 
show the proportion of county population with the total state population.
Tract Distribution. Table 6.2 shows the minimum and maximum population, 
area, and density of tracts in individual counties. Tracts with no population were not 
included in the table. The tract level distributions of population and population 
density were evaluated by initially dividing the tracts into three population groupings, 
namely: population < 2500, population 2500-8000, and population > 8000. Based 
on Census definition, the population group < 2500 is categorized as rural, and the 
population group > 2500 as urban. A population grouping of 2500-8000 is 
introduced to reflect the Census definition of tract. Tracts with population > 8000 
are normally divided into smaller tracts. Therefore, a population group > 8000 is 
introduced in order to represent those tracts which exceed the 2500-8000 limit. The 
final population grouping is redefined as follows:
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Table 6.2 Population, Area, and Density - Tract Level 
Population Category <2500
ID County Code Min
Pop
Max
Pop
Min Area 
s(| l.m
Max Area 
sq km
Min Dens 
pcrs/sq km
Max Dens 
pers/sq km
No. of 
Tracts
1 Churchill 001 178 1094 26.57 10453.42 0.02 41.18 2
2 Clark 003 934 2458 0.71 5668.57 0.21 3346.21 5
3 Douglas 005 112 2387 2.19 8689.47 3.06 29.94 2
4 Elko 007 685 2300 1147.91 5344.24 0.02 890.37 12
5 Esmeralda 009 58 659 1345.54 3944.52 0.13 0.17 2
6 Eureka Oil 58 669 1345.54 3501.04 0.04 0.27 4
7 Humboldt 013 27 1968 3126.88 5913.55 0.01 0.63 4
8 Lander 015 267 723 3487.96 6300.41 0.08 O il 2
9 Lincoln 017 102 1604 4387.11 9524 70 0.02 0.17 4
10 Lyon 019 1139 1466 410.72 1895.96 0.60 3.57 2
11 Mineral 02) 1855 2481 1321.33 4419.26 0.48 1.40 3
12 Nye 023 1016 2413 4026.45 10964.32 0.09 0.60 2
13 Pershing 027 0
14 Storey 029 0
15 Washoe 031 398 2465 0.65 365.27 6.75 1658.18 6
16 White Pine 033 2390 2390 0.14 16789.35 0.14 0.14 1
17 Carson 510 7 2296 0.61 143.83 11.39 573.80 3
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Table 6.3 Minimum and Maximum Tract Population and Area by Population G roup
Population Range Zone No. o f  Tract Density Range 
pers/sq km
Min Pop Max Pop Min Area 
sq km
Max Area 
sq km
< 2500 Rural 54 < 1 0 7 1526 0.61 10964.32
1 100 1587 1968 4.45 954.70
>100-1000 2139 2390 0 71 16789 35
1600-3400 2413 2481 0.99 4130.88
2500-8000 Urban 149 < 1 0 2526 2736 8 19 2104.72
l-lOO 2748 3821 0.61 22492.62
>100-1000 3856 4576 1.30 15708.15
>1000-2000 4626 5637 1.05 4495.42
>2000-3000 5659 7054 1.48 4590.06
>3000-4000 7068 7703 2 63 15490.08
>4000-5000 7704 7881 2.39 84.80
>5000 7882 31.79
>8000 Urban 40 1-100 8030 8151 2.51 3.65
>100-1000 8155 10641 3.31 170.85
>1000-2000 8545 11236 2.63 342.91
>2000-3000 9175 13559 4.09 43,52
>3000-4000 9498 15119 3.20 7.46
>4000-5000 15119 15119 10.42 10.42
>5000 19373 19373 36.28 36 28
SÎ
66
Group 1 - population < 2500 
Group 2 - population 2500-8000 
Group 3 - population > 8000 
Fifty four (54) tracts represent a population group of <2500, 149 tracts 
represent a population group of 2500 to 8000, and 40 tracts represent a population 
group of >8000. A total of thirty (30) tracts had no population. The minimum and 
maximum population and area on each population group is summarized in Table 6.3. 
For population group of less than 2500 people, the density ranges from less than 1.0 
person/sq km to about 3450 persons/sq km. For population group of 2500-8000, the 
density ranges from again less than 1.0 persons/sq km to greater than 5000 persons/sq 
km. For population greater than 8000 the density ranges from 1 person/sq km to 
greater than 5000 persons/sq km. It can be noted from the above that the density 
ranges increases with an increase in population group.
Figures 6.5 to 6.7 show the variation of population for the three population 
groupings. For the population group < 2500, the population ranges from 7 to 2481, 
with an average of 1248. The density ranges from less than 1 to 3346.21 persons per 
sq km. For the population group 2500-8000, the population ranges from less than 
2526 to 7882, with an average of 4986.
The density ranges from less than 1 to 5386.30 persons per sq km. For the 
population group > 8000, the population ranges from 8030 to 19,373 with an average 
of 9788. The density ranges from 1 to more than 5000 persons per sq km. The 
results show that the population density increases with an increase in population and
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Table 6.2 Population, Area, and Density - Tract Level (cont.) 
Population Category 2300-8000
(/)
CD ID County Code Min Max Min Area Max Area Min Dens Max Dens No. of
3
O Pop Pop sq kin sq km pers/sq km pers/sq km Tracts
S '
CD
I Churchill 001 3054 7195 10.13 1289.91 2.37 710.45 3
8T3 2 Clark 003 2604 7838 0.61 4590.06 1.28 5386.30 81
C Q
3 Douglas 005 3856 7162 165.00 805.31 8.89 24.06 3
9 4 Elko 007 2635 6042 8.19 3359.39 1.71 321.89 4
g3
CD
5 Esmeralda 009 0
T l
6 Eureka Oil 0
c
3 - 7 Humboldt 013 3997 5406 1486.61 5610.67 0.71 3.64 2
CD 8 Lander 015 5276 5276 4495.42 4495.42 1.17 1.17 1
CDT33 9 Lincoln 017 0
Q.C 10 Lyon 019 3261 5188 248.30 1533.17 2.13 20.89 4
o 11 Mineral 021 0
T3 12 Nye 023 3033 7517 1746.39 22492.62 0.13 4.30 3
3"
c f 13 Pershing 027 4336 4336 15708.15 15708.15 0.28 0.28 1
CDQ. 14 Storey 029 2526 2526 683.43 683.45 3.70 3.70 1
g
g
15 Washoe 031 2526 7882 0.98 2249262 0.13 4476.32 36
O
S. 16 Wliite Pine 033 2579 4295 86.75 6167.06 0.70 29.73 2
■o
CD 17 Carson 510 3202 5606 3.19 167.21 26.99 1662.33 8
3
(/)' Population Cate }ory >8000
5 ‘3 2 Clark 003 8030 19373 1.38 75.82 138.73 7328.76 33
3 Douglas 005 8773 8773 225.97 225.97 38.82 38.82 1
15 Washoe 031 8397 10903 2.55 342.91 25.03 3420.43 6
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population grouping as summarized in Table 6.4 and graphically illustrated in Figure 
6.8. While there is an overlap of values of population density in each population 
category, the minimum population density increases with an increase in the level of 
population group.
The proportion of the number of tracts in individual counties with the total 
number of tracts in a state is expressed as:
TRi T̂ract
(6-4)
where:
TRj = tract ratio for county i 
Nxraci = total number of tracts in county i
n = total number of counties
It is expected that as county population increases, so would the number of 
tracts in the county. Conversely, as the tract ratio for a county increases, its
population should be expected to increase. This is what is observed in the state of
Nevada as shown is Figure 6.9.
Block Distribution. The block level distributions of population and population 
density are evaluated for each county. The results are shown in Table 6.5 as a 
summary of the block level minimum, maximum, and mean population, area, and
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Table 6.4 Density Ranges by Population Group
Pop
Ranges
Category Density Ranges
< 2500 rural <1.0 1-100 >100-
1000
>1000-
2000
>2000-
3000
>3000-
4000
2500-
8000
urban <1.0 1-100 >100-
1000
>1000-
2000
>2000-
3000
>3000-
4000
>4000-
5000
>5000
>8000 urban 1-100 >100-
1000
>1000-
2000
>2000-
3000
>3000-
4000
>4000-
5000
>5000
Pop <2500 
Pop 2500-8000 
Pop >8000
bcRasing
Density Range
'igure 6.8 Overlaps of Density Ranges in Population Group
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Table 6.5
Code Frcq Min Area Max Area Me;
Includes Blocks With Popiilallon
Population , Area, and Density - Block Level 
in Area Min Density Max Density Mean Density Min Pop Ma.\ Pop Mean Pop
=  0
1 1,979 0.000005 1289.03 6.57 0 46351.92 277.53 0 1094 9
3 8,598 0.000009 1502.09 2.44 0 78908.4.3 1984.84 0 13018 86
5 1.574 0.000098 227.81 1 21 0 27264.23 305.42 0 839 18
7 3,294 0.0<M)025 1405.11 13.52 0 18076.24 278.52 0 1700 10
y 202 00(K)763 1314.55 45.98 0 1510.12 102.59 0 269 7
II 654 0.0(8)249 1595.06 16.54 () 3997.40 61.19 0 156 2
13 1.534 0.(KHK)39 1862.25 16.09 0 13678.09 252.55 0 1235 8
15 519 0.000535 1519.21 27.52 0 6444.72 386.45 0 610 12
17 808 0.(8)1157 3142.50 34.10 0 4406.55 105.86 0 787 5
19 1,874 0(8)0127 491.79 2.79 0 17017.17 200.54 0 793 11
21 663 0.(8)0012 680.41 14.89 0 4215.03 432.12 0 487 10
23 2.077 0.000001 10929.06 22.63 0 12420.39 182.90 0 1016 9
27 881 0.000(8)6 903.78 17 83 0 15026.34 183.58 0 289 5
29 198 0.000845 204.92 3.45 0 20905.47 355.08 0 887 13
31 5,497 0.000015 1455.85 3.09 0 84140.27 1400.55 0 1758 46
33 1,361 0.000027 864.44 16.93 0 19054.97 350.14 0 473 7
510 1,145 0.000041 70.04 0.35 0 15.306.99 1109.76 0 1235 35
Excludes Blocks With Population = 0
1 614 0.000302 692.77 5.50 ().()() 46351.92 894.51 1 1094 29
3 6.534 0.001200 1081.27 1.66 0.00 78908.43 2611.8.3 1 13018 113
5 764 0.0004()3 111.52 1.06 006 27264.2.3 629.24 1 8.39 36
7 777 0.000630 1405.11 26.03 0.00 18076.24 1180.77 1 1700 43
9 62 0.005150 1314.55 86.99 0.(8) 1510.12 334.25 1 269 22
II 99 0.002968 1495.06 68.94 0.01 3997.40 404.21 1 156 l6
l3 350 0.001165 1862.25 48.41 0.01 13678.09 1121.31 1 1235 37
15 146 0.003151 1519.21 70.73 0.00 6444.72 1373.81 1 610 43
17 128 0.002851 1616.35 95.22 0.00 4406.55 668.24 1 787 29
19 709 0.(8)2936 491.79 4.31 0.01 17017.17 530.07 1 793 28
21 204 0.(8)5()92 680.41 25.35 ().()() 4215.03 1404.40 1 487 32
23 469 0.(8)3010 10929.06 60.15 ().()() 12420.39 809.97 1 1016 38
27 173 0,000333 903.78 43.86 0.01 15026.34 9.34.86 1 289 25
29 64 0.003226 204.92 4 10 0.4.3 20905.47 1098.52 1 887 39
31 3,394 () 0(88)15 1455.85 3.16 ().()() 84140.27 2268.36 1 1758 75
33 385 0.002985 864.44 32.25 0 0(1 19054.97 1237.77 1 473 24
510 713 () (8)1416 31.49 0 23 0.43 15306.99 1782.15 1 1235 57
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density by county. The table categorizes the group into two: i) includes blocks with 
zero population, and ii) includes only those blocks with population greater than zero. 
Figure 6.10 shows the graphical distribution of block density plotted against 
population. The figure shows a wide variation in density ranges.
Figure 6.11 shows an example of the relationship between population and 
population density at the block level using Clark County data. Between population 
0-120 the density tends to increase with population. For population greater than 120, 
the density decreases with an increase in population. Maximum density is attained 
at population 100-200. Individual blocks appear to have unique characteristics.
The distribution of the number of blocks in individual counties is evaluated 
as a ratio of the total blocks within a state and is expressed as:
^  ^̂ Block ;
I  =1
where:
BRj = block ratio for county i
Ngiocki = total number of blocks in county i
n = total number of county
The relationship between the ratio of the number of blocks and population
is shown in Figure 6.12. The pattern appears to be polynomial.
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Figure 6.10 Mean and Maximum Population Vs. Density - Block Level
a) Mean Population Excluding Blocks with Zero Population 
Block Level
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6.12 Observations on the Population Index Variables
The following summarizes some of the observations derived from the 
preceding analyses:
1) Compared to the average density of the 50 states which is 27.2 person per
sq km, the Nevada state average density of 4.2 persons/sq km is very 
low. It is only around 15 percent of the national average. Considering 
only the 48 contiguous states, the national average population density 
is 32.23 persons per sq km. There are large variations between the 
individual county density and state average density, and individual 
county density and national average density. When the county average 
is compared to the national and state average densities, the variation 
is very large ranging from 0.37 percent to 399.63 percent.
2) A natural trend is observed in the tract level population. The trend shows
an increase in density with an increase in population, and an increase 
in the minimum density with an increase in the level of population 
group. The tract level population density distribution shows some 
uniform tendency probably because a tract is formed based on a 
predefined population (2500 to 8000). Those tracts with population 
outside these ranges maybe considered outliers. The tract ratio (tract 
county/tract state) exhibits a linear pattern, which indicates an increase 
in the number of tracts per county with an increase in population.
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4) Density ranges of urban areas is wider than the density ranges of 
rural areas. At some point the urban and rural areas have 
overlapping densities.
3) A large variation of population distribution is observed at the block 
level.
Based on the above observations, it appears that the population distribution 
at the tract level exhibits a pattern. This is because tracts, when first delineated, are 
designed to be homogeneous with respect to population characteristics as mentioned 
earlier. Therefore, the population index variables were based on population grouping 
at the tract level.
6 2  Estimation of Population Index
Chagari (1994) developed an Urban Population Index (UPI) to determine the 
level of aggregation based on the characteristics of population concentration. UPI 
is based on the number of tracts with population > 2500 and density, and is 
expressed as:
UPI = ( N q o f  tracts with p op  > 2500 ) x \  (6-6)
^  ' {%  urban area )  ̂ '
% urban pop  = - - - - — (_t/f6av7 p o p ) (6-7)
( to tal pop  o f  the county )
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%urbm area - { “rban area ) (g-g)
( total area of county )
Chagari’s UPI has the following limitations: it can only represent a single 
index for one county, and therefore could not detect variations between two or more 
urbanized areas in a single county.
In this study, an effort is made to address those limitations. The population 
index is estimated using the variables from the tract data. A population index is 
developed to represent various population groupings. Population index representing 
various population groupings is defined as a function of average density of the 
population group, state density, and number of tracts. The population index for each 
population grouping in the tract level is estimated tracts with population category T ’, 
the population index is expressed as:
Indexp = {(density of P / density of state) / (number of tracts in county)} + 
{(number of tracts in county - number of tracts in P) * (number 
of tracts in P) / (number tracts in county)}
Mathematically,
/ / f - T T - l  (  -N rc) X A fc l ( 6 - 9 )
(6-10)
^ Tract
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where :
Ip = index for population group T ’
Group 1 = <2500 
Group 2 = 2500-8000 
Group 3 = >8000 
Njract = number of tracts in a county
Np̂  = number of tracts in ’P’
dpg = average density in ’P’, persons per sq km
d; = average density of state, persons per sq km
The resulting equation shows that the population index is a measure of the 
density relationship between the average tract density representing the population 
category and state density, plus the relationship between the tract within the 
population category and the remaining tract.
The population index ranges from < 1 to 8 for population group < 2500, from 
< 1 to 30 for population group 2500-8000, and from 3 to 28 for population group > 
8000. There are only three data representing population group > 8000, therefore the 
results are inconclusive. The population indices obtained using the equation 
developed for the State of Nevada are graphically illustrated in Figures 6.13 to 6.18.
Figures 6.13 and 6.14 represent Group 1 with population less than 2500 per 
tract. For population group < 2500, most counties have population index < 2.0, 
except for Clark, Washoe, and Carson which have indices of 5-8. When plotted
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Figure 6.14 Index for Population G roup <2500 (cont.)
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against density, the population index for population group <2500 shows a polynomial 
function with R* = 0.91. This indicates that population index could be estimated 
based on density. Conversely, population density can be estimated based on 
population index. The absence of data points between 500 to 1700 persons per sq 
km poses some question on the validity of the derived relationship. By inspection, 
it appears that the data may be divided into two or three subgroups representing 
various density levels (e.g., low, medium, and high density). Thus, the data points 
were categorized into low density subgroup (density <25), medium density subgroup 
(density 225-500) and high density subgroup (density > 500). But in the absence of 
adequate data representing medium to high subgroups, only the low and medium 
density subgroups were used. The latter subgroup is redefined as those with density 
> 25 persons per sq km. The resulting plots of population index vs. population 
density for density < 25 and > 25 persons per sq km are shown in Figure 6.14a and 
Figure 6.14b. For density < 25 persons per sq km, the relationship is a polynomial 
function with = 0.49. For density > 25 persons per sq km, the relationship is also 
a polynomial function with R" = 0.83. Since the initial relationship which combines 
all data points shows a higher R", this was used in establishing the equation for 
deriving population index. On the basis of population density, the following 
expression could be used to estimate population index for population group <2500:
/_ =  - 1 X 1 0 +  0. 225 + 0 .96  (6-11)
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Figures 6.15 and 6.16 represent Group 2 with population between 2500 and 
8000 per tract. For population group 2500-8000, the population index representing 
individual counties show a wide variation. For most counties, the population index 
is < 5 except for counties such as Churchill, Clark, Washoe, and Carson, which have 
indices greater than 5 to 30. A plot of population index against population density 
for population group 2500-8000 shows a power function. The high value of 
indicates that the population index could be estimated on the basis of population 
density only. This observation is similar to that of population group < 2500.
Figures 6.17 and 6.18 represent Group 3 with population greater than 8000 
per tract. Group 3 has only 3 data available, counties Clark, Douglas, and Washoe 
have tracts falling within the population group > 8000. The population index for 
the three (3) counties are highly variable and ranges from around 3 to 28. The 
relationship between the population index and population density shows a perfect fit. 
The graph is a polynomial function similar to those of groups < 2500 and 2500-8000. 
While the index and population density shows a pattern, it is difficult to draw a 
conclusion because of the scarcity of data for this group. In the absence of additional 
samples for group > 8000, the population grouping is reclassified into:
Group 1 = population < 2500 
Group 2 = population > 2500
As previously mentioned, the population < 2500 is classified as rural and 
population > 2500 is urban. Thus, for population < 2500, the population index is
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termed rural index, and for population > 2500, the population index is termed urban 
index.
A plot of population index with population density for the redefined group. 
Group 2 with population > 2500 is shown in Figure 6.19. Again, the relationship 
shows a power function with R’ = 0.91. The graph shows a concentration of points 
with density < 250 persons per sq km. This presents a possibility that the population 
group > 2500 may be divided further into those subgroups with density < 250 and 
density >  250 persons per sq km. A regression analysis for population subgroup with 
density <  250 persons per sq km indicates a linear relationship with an R  ̂ = 0.97 as 
shown in Figure 6.19a. A regression analysis for population subgroup with density 
> 250 persons per sq km indicates a polynomial function relationship with an R  ̂ = 
0.64 as shown in Figure 6.19b. While a strong relationship is observed for density 
< 250 persons per sq km, a weak relationship is observed for density > 250 persons 
per sq km. This may indicate that the population subgroup > 250 persons per sq km 
may not be considered different from the other subgroup. The combined effects of 
of all data points, which were represented earlier, shows a better relationship 
compared to that of subgroup density > 250 persons per sq km, and is comparable 
to that of subgroup density < 250 persons per sq km. This relationship is used for 
subsequent analysis. On the basis of population density, the following expression 
could be used to estimate population index for population group 2: 2500:
/_  = 0. 4 5 c//7 ° (6-12)
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Figure 6.19 Index for Population Group >/2500 94
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Figure 6.20 shows a plot of population index against the population for the 
population groups < 2500 and > 2500. The index is concentrated between 0-9 for 
population group < 2500 and between 2-30 for population group > 2500. Both the 
population and population index are plotted against population density in Figure 
6.21. Figure 6.21a shows a wide variation of population for both groups < 2500 and 
> 2500 at various density levels. However, Figure 6.21b shows that despite this 
variability a population index could be assigned at various density levels, to represent 
these two (2) groups.
6 J  Selection of Required Level of Analysis
Four (4) cases have been defined to illustrate the relationship between 
population and population density as shown in Figure 6.22. The first case shows a 
constant density with an increase in population which indicates a uniform 
distribution. In this case the difference between a county, tract, and block level 
analysis may be minimal. The second case shows either an increase or decrease of 
density while the population remains constant. This indicates a trend wherein people 
tend to move around or densify in one place without necessarily increasing their 
number. The third case shows an increase in density with an increase in population. 
This case is considered densification without necessarily having an increase in space. 
The fourth or last case shows a decrease in density despite an increase in population 
or what may be called dispersion. This case may occur in areas with plenty of vacant 
spaces available. For the last three (3) cases a county level of analysis may not be
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Figure 6.21 Population Distribution and Population Index for Population Groups
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suitable. This section describes the methodology used to select the required level of 
analysis for a particular case.
The required level of analysis using population index is established using the 
population data from places in Nevada. These data were obtained from the 1990 
Bureau of the Census. The steps performed in evaluating the required level of 
analysis were:
1) Select places in Nevada. These include several places with population less
than 2500 and greater than 2500 as shown in Table 6.6. Using 
population and area, the density of each place is estimated as shown in 
the same table.
2) Compare the density of a place with the density of the county representing
the place; the minimum, maximum, and mean tract density of the county 
representing the place; and the minimum, maximum, and mean density 
block density of the county representing the place. If the density of a 
place is comparable to the density of a county, then, county level of 
analysis is required. If comparable to tract, then tract level of analysis 
is required. If comparable to block density, then block level of analysis 
is required.
4) From the said places, estimate the population index and establish a range 
of indices for each level of analysis. The range of population index for 
the population Groups < 2500 and > 2500 is summarized in Table 6.7
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Place County
Code
Pop Area, 
sq km
Density, 
pcrs/sq km
lp<2S(H) Ip >/2500
Popiihilion < 25(M)
1 l'nllon Sta CDP.Cluirchill 001 1092 6.4 170.6 4.5
2 Mosi]uilc Cily .Clark 003 1871 37.9 494 2,0
.1 Indian Springs.Clurk (H)3 1164 3 8 306.3 6.9
4 /cphyr-Covc.l Xniglas 005 14.34 20.5 70(1 2,5
5 Staicline CDI’.Dotiglas 005 1.379 1.7 811.2 12.6
(• ( iardncrvillc,Douglas 005 2177 11.9 182,9 4.7
7 Mindcn CDP,Douglas IM)5 1441 11.5 125.3 3.6
8 Kiiigsbnry,Douglas 005 2238 64 7 34.6 1.7
9 Owylice CDP.lilko 007 908 581.0 1.6 1.0
10 Wells Cily,Flko 007 1256 17.1 73,5 2 6
11 W. Wendover.Elko 007 2007 131.1 15.3 1.3
12 Carlin City.Elko 007 2220 23.6 94.1 3.0
13 McDermitt, Humboldt 013 373 34.1 10.9 1.2
14 Calicnte City .Lincoln 017 1111 3.9 284.9 6.6
15 Yerington City.Lyon 019 2367 4.0 591.8 10.8
16 Silver Springs.Lyonb 019 2253 177.5 12.7 1.2
17 Dayton CDP,Lyon 019 2217 81.8 27.1 1.6
18 Smith Valley,Lyon 019 1033 310.5 3.3 1.0
19 Schurz CDP, Minerai 021 617 91.4 6.8 1.1
20 Bcatty.Nye 023 1623 455.0 3.6 1.0
21 Gabbs City.Nye 023 667 7.8 85.5 2.8
22 Lovelock Cily.Pershing 027 2069 1.9 1088.9 13.6
23 Wadsworth.Washoc 031 640 9.6 66.7 2.4
24 McOill.Wliite Pine 033 1258 2.1 5990 10.8
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Top >/ 25(10
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2« l-.nlcnrnsc, Clark (Cunly 003 5585 66,0 84 6 4.8
29 lolmson Lme.Daiiglas 005 2551 55.3 46.1 3 5
Kl Indian llills.lXniglas 005...... ... ■ 2544 24.8 102.6 5.3
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52 Dis Vcgas,C!ark 00.3 258295 ■■ 215.7 1197.0 19.8
5.1 idko Cily.l'.lko 007 ■ 147.36 25,3 5820 13.5
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Table 6.7 Summary of Population Indices for Various Levels of Analysis
Category Population
Group
Population Index
County Level of 
Analysis
Tract Level of 
Analysis
Block Level of 
Analysis
Density Index Density Index Density Index
Rural Population 
< 2500
<35 <2 35-300 2-7 >300 >7
Urban Population 
> 2500
<200 <8 >200 >8
63.1 Methods of Assigning Index for Various Levels of Analysis
The assignment of index may be done mathematically or graphically. 
Mathematical method entails use of Equation 6-11 for Population < 2500 and 
Equation 6-12 for Population > 2500. The following steps could be used for 
graphical method of analysis:
1) Plot the population and density as shown in Chart (a) in Figure 6.23. For
example, plot the population and density of four random places, namely: 
Las Vegas and North Las Vegas for population > 2500, and Mesquite 
and McGill for population < 2500.
2) Connect a vertical line to the point that corresponds to the same density
in Chart (b) until it touches the curve for population < 2500 or 
population > 2500. For Las Vegas and North Las Vegas, the line 
extends down to the curve representing population group > 2500. For
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Figure 6.23 Charts for Estimating Population Index and Levels of Analysis
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Mesquite and McGill, the line extends down to the curve representing 
population group < 2500.
3) From the point at curve(s) draw a horizonal line to read the index. For
Las Vegas and North Las Vegas, the indices are 20 and 10, respectively. 
For Mesquite and McGill, the indices are 2 and 11, respectively.
4) From the same chart, read the required level of analysis. The required
level of analysis are determined as follows: Las Vegas and North Las 
Vegas - block level analysis; Mesquite - tract level analysis; and McGill - 
block level analysis.
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CHAPTER 7
ROUTING ANALYSIS BASED ON AFFECTED POPULATION
This chapter presents a case study on two alternative rail routes for HLW and 
SNF shipment within the State of Nevada. These two rail routes are the Modified 
Valley Rail Route and Jean Rail Route. Routing is based on risk minimization, 
where risk is measured in terms of affected population. The affected population 
within a 0.5 mile buffer along the routes were evaluated using detailed estimates on 
the county, tract, and block level of analyses. The required level of analysis was 
determined from the results. The population index along the routes were later 
evaluated to determine the required level of analysis based on population index. The 
results were compared with the required level of analysis using detailed estimates. 
Finally, the two routes were compared based on minimum affected population.
7.1 Alternative Rail Routes
The Department of Energy (DOE) is currently evaluating alternative rail 
access routes for the shipment of high level wastes and spent nuclear fuels to 
potential geologic repository at Yucca Mountain, Nevada. Figure 7.1 shows the
105
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existing railroads tracks in the State of Nevada. Currently Yucca Mountain does not 
have a rail service or an existing right-of-way for rail.
In 1990, the Department of Energy identified and studied ten potential rail 
options. They are identified as the Valley, Arden, Jean, Crucero, Ludlow, Mina, 
Mina Option, Caliente, Carlin, Cherry Creek and Dike as shown in Figure 7.2. 
Subsequent to the identification of these ten rail options, Lincoln County and the 
City of Caliente, Nevada identified three alternative alignments, namely, Lincoln 
County A, B, and C. The Office of Civilian Radioactive Waste Management 
(OCRWM) recently identified and added a new route called the Modified Valley 
Route. It recommended the Caliente, Carlin, Jean and Modified Valley Route for 
detailed evaluation. The OCRWM eliminated from detailed evaluation the Cherry 
Creek, Dike, Mina rail routes and placed them on a watch list. The Lincoln County 
A and B,Arden, Valley, Ludlow, Crucero and Lincoln County C were eliminated 
from further study. Table 7.1 presents a summary of the status of the proposed 
alternatives rail routes. The table shows a listing of all DOE alternative routes, and 
whether or not these routes are recommended or eliminated for detailed evaluation, 
or eliminated for further study.
In this case study, only two rail routes are evaluated namely, the Modified 
Valley rail route and Jean rail route as potential rail options for the shipment of 
high-level radioactive waste and spent nuclear fuel. The Modified Valley rail route 
provides a link from the Union Pacific mainline track to the proposed repository at
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
108
OREGON
IDAHO
NEVADA
Cartin /
1 C tw nyC rM k
Tonopah
Calwnta
D im  Siding 
V alitySldin 
LujMgu
Aldan Siding 
Jaan
Legend
—  Highway Routes 
—^  MainBne Railroads
Identified Rail Alternatives
NN • Nevada Northern Railroad 
SP • Southern Pacific 
UP - Union Pacific
1 Valley
2 Aiden
3 Jean
4 Cmcero
5 Ludlow
6 Mina
SA Mina Option
7 Caliente
8 Cariin
9 Cherry Creek 
•0 Dike
Ludlow
Figure 7.2 DOE Potential Rail Options
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
109
Table 7.1 Rail Route Status (Source: TRW, 1995)
Route Status Recommended 
for Detailed 
Evaluation
Eliminated from 
Detailed 
Evaluation- 
Monitor
Eliminated 
from Further 
Study
Caliente X
Carlin X
Jean X
Valley Modified X
Lincoln County A & B X
Mina X
Cherry Creek X
Dike X
Arden X
Valley X
Ludlow X
Crucero X
Lincoln County C X
Yucca Mountain, Nevada. The Jean rail route traverses the Spring Mountains in 
Nevada and connects to a common route near Pahrump.
A Geographic Information System (GIS) program (ARC/INFO) was used 
extensively to evaluate the affected population for both rail routes. The analyses 
include data collection, creation of point and line coverages to represent a feature/(s), 
and corridor analysis. Only the resident population were addressed. No reference
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was made to non-resident population or visitors whose volumes are significant in 
Nevada, specifically Clark County.
A series of Arc Macro Languages (AML’s) were written to support the 
analysis and develop graphical representation of results of various analyses. Such 
procedures and techniques could provide invaluable support for policy analysis, 
planning analysis pertaining to the development of new transportation corridors, and 
in preparing environmental impact statements.
72 Rail Routes Description
The Modified Valley Route is a combination of sections of the proposed 
Valley and Dike Siding Route identified in the Preliminary Rail Access Study (see 
Figure 7.3). "This route would originate near the Valley siding and travel north of 
some private land. Las Vegas Paiute Indian Reservation land, and north of U.S. 
Highway 95. It would continue to Indian Springs, where two options are available; 
route the railroad through the Indian Springs Air Force land north of U.S. Highway 
95, or cross U.S. Highway 95 and route the railroad through a gap in the hills south 
of Indian Springs proper. Both options will converge north of U.S. Highway 95 west 
of Mercuiy. Two options available from that point on are to follow U.S. Highway 
95, and turn north to the potential repository site at the Fortymile Wash, or to follow 
the route of the existing Jackass Flat Road, west of Mercuiy, to Jackass Flat" 
(OCRWM,1995).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
I l l
LMCOLN
Yucca Mountain
 ■
Im  V<
Legend
CLARK
Proposed Alignment
County Boundary
Major Roads
Railroad
Name in Uppercase « County Name
MODIFIED VALLEY RAIL ROUTE
'igure 7.3 Modified Valley Rail Route
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
112
The Jean route (see Figure 7.4) would "originate in the Jean area, cross 
Interstate 15, and follow a southerly route along the base of the Spring Mountains 
to a point approximately 1.62 km (1 mile) north of the Nevada-Califomia border. 
The route would turn west and traverse the end of the Spring Mountains, and 
traverse the California State Line Pass in a switchback pattern, crossing the northern 
end of the Clark Mountain Range into Mesquite Valley, California. The route would 
turn north along the western base of the Spring Mountains, back into Nevada, east 
of Sandy. The route would traverse the area east of Pahrump, parallel to State 
Route 160, and travel north to a crossing over State Route 160" (OCRWM,1995).
7 J  Impact Area Analysis
The GIS program ARC/INFO is the analytical tool used to evaluate the 
alternative rail routes. ARC/INFO Macro Languages (AML’s) were developed for 
each criteria addressed in this study to support the analysis and graphic 
representation. Only the resident population is addressed in this study. Block level 
population data was obtained from the 1990 Bureau of the Census. Population 
density is estimated in terms of persons per square kilometer. The density of 
population along the alternative routes were estimated. Table 7.2 identifies the 
impact distances to be used for different types of hazardous materials. As can be 
noted, the impact distance for radioactive materials is 0.5 mi (all directions).
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Table 7.2 Potential Impact Distances for Various Classes of Hazardous Materials
Hazardous Materials Class Impact Distance (mi)
Combustible Liquid (CL) 0.5 mi all directions
Flammable Liquid (FL) 0.5 mi all directions
Flammable Solid (FS) 0.5 mi all directions
Oxidizer (OXI) 0.8 mi all directions
Nonflammable Gas (NFG) 1.0 mi all directions
Flammable Gas (GAS) 0.5 mi all directions
Poison (PCI) 1.0 mi all directions
Corrosive (COR) 1.0 mi all directions
Radioactive Materials (RM) 0.5 mi all directions
Explosive (EXP) 0.5 mi all directions
A buffer of 0.5 mile was used to define the impact area for the Modified 
Valley Rail Route and Jean Rail Route for transport of HLW and SNF which could 
be classified as radioactive materials. Figure 7.5 shows the buffer (0.5 mile) along 
the alternative rail route alignments.
7.4 Route Analysis Using Census Data
In evaluating the two (2) alternative routes, three (3) levels of analysis were 
performed: county, tract, and block level. For each level of analysis, the population 
is assumed to be uniformly distributed within the impact area. The route is divided 
into links whenever there is a change in population concentration as illustrated in
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Figure 7.6. Thus, each link along the route segment has unique population, area, 
density, and length.
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Link Distribution Along Route
II -  length of link 
d -  density along link 
A -  area
P -  population along link
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15
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'igure 7.6 Link Distribution Along Route
The affected population along the link is estimated as:
Pop I = / /  d l X buffer
The sum of affected population along the route is estimated as: 
PopL = {1 y dy + 1 2  * 12  d̂   ̂ . 1 „ d„)  X buffer
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PoPL  =  Ë/ =1
where:
Pop; = population along link i
li = length of link i
dj = density along link i
buffer = impact distance
PopL = population along route of length L
n = number of links
The sum of weighted population along the route is estimated as:
V ( P o p  .  ^
where:
W,Pop weighted population along the route
Results of the analysis using county, tract and block level for the two 
alternative routes are summarized in Tables 7.3 and 7.4 for Modified Valley and Jean 
Routes, respectively.
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Table 7.3 Population, Area, Density Based on Census Data - Modified Valley 
County Level
Link Lengtn pop uensifv"
I 16*a9 38 ---------- (TTT
2 183.08 10364 35.38
3 63.59 39 0.38 416.36 25 10441
Tract Level
Link Lengtn KOp iiensitv lot Lengtn weignteu rop sum t*op
1 23.64 7 0.17
2 144.05 35 0.16
3 43.04 13 0.21
4 15.07 17 0.71
5 7.31 19 1.69
6 7.56 11 0.91
7 5.45 45 5.25
8 6.39 2 0.21
9 8.22 111 8.33
10 3.76 1 0.21
11 16.95 176 9.92
12 69.33 29 0.21
13 8.26 56 4.30
14 55.33 8 0.09 416.35 1 530
Block Level
Link iNo. Lengtn uen_Link rop_foiy lot Lengtn weignteu pop sum pop
T. 1U.&9 u.oouo 0
2 23.51 0.0542 2
3 37.97 0.1020 1
4 3.08 203.6391 978
5 32.54 0.0049 1
6 79.47 0.0043 1
7 19.88 0.5387 17
8 4.86 2.2768 25
9 4.40 1.0561 33
10 19.55 0.8651 11
11 30.60 0.0018 1
12 8.05 0 0
13 25.78 0.06 2
14 6.66 0.0549 1
15 1.83 0 0
16 2.71 1.5295 16
17 4.51 0 0
18 11.08 0 0
19 2.15 0 Ü
20 23.46 0 0
21 8.26 0 0
22 55.33 0.093 9 416.35 3 1098
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Table 7.4 Population, Area, Density Based on Census Data - Jean Route 
Countv Level
Link Length Pop Densitv Tot Length Weighted Pop Sum Pop
1 97.81 5537 35.38
2 123.25 75 0.38 221.06 25 5612
Tract Level
Link Length Pop Densitv Tot Length Weighted Pop Sum Pop
1 22.66 53 1.47
2 75.15 160 1.36
3 35.66 246 4.30
4 55.14 52 0.60
5 32.44 5 0.09 221.05 2 516
Block Level
Link No. Length Den Link Pop_poly Tot Length Weighted Pop Tot Pop
1 4.27 0.1433 1
2 17.93 1.0295 30
3 0.46 14.2089 9
4 16.10 1.9145 49
5 14.03 0.6089 13
6 36.53 1.1468 67
7 8.50 0.1528 2
8 4.00 0.0000 0
9 6.98 9.1316 98
10 7.10 8.1874 98
11 1.21 34.2188 67
12 2.32 4.4789 17
13 6.24 5.1682 52
14 7.81 0.6853 9
15 15.68 0.0418 1
16 9.80 0.0000 0
17 1.02 0.0000 0
18 1.23 2.4880 5
19 1.18 0.0000 0
20 1.55 0.0000 0
21 4.25 0.0000 0
22 0.91 0.0000 0
23 1.15 0.0000 0
24 4.41 1.3959 10
25 1.60 0.0000 0
26 1.49 0.0000 0
27 7.80 0.5470 7
28 3.06 0.0100 0
29 32.45 0.0930 5 221.06 539
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For Modified Valley Route, the affected population along the alternative 
routes is 10,441 under the county level analysis, 530 under the tract level analysis, and 
1098 at the block level analysis. Assuming the block level analysis reflects the true 
condition, the county level analysis is 9.50 times overestimated while the tract level 
analysis is 0.52 times underestimated. Due to large variation in the results, the block 
level analysis is most suitable analysis for this route.
For Jean Alternative Route, the affected population along the alternative 
routes is 5612 under the county level analysis, 516 under the tract level analysis, and 
539 at the block level analysis. Assuming the block level analysis reflects the true 
condition, the county level analysis is 10.4 times overestimated while the tract level 
analysis is 0.04 times underestimated. The results in this route indicates that the 
analysis could be performed using the tract level analysis, because the difference in 
the results between the tract level and the block level analysis is very small.
7.5 Required Level of Analysis Using Population Index
The population index along the two (2) alternative routes were evaluated 
based on the population near the affected areas. The process involves:
1) identifying the populated places along the route corridors
2) determining the approximate population and area of the identified places;
estimate the density of the places
3) assigning the index based on the population and density of the place
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For the Modified Valley Route and Jean Alternative Rout, the identified 
places are summarized in Table 7.5. For Modified Valley Route, the affected places 
include: North Las Vegas, Indian Springs, and Caliente City. For Jean Alternative 
Route, the affected places are: Mesquite Valley, Pah rump, and Jean. The population 
indices used were derived from the index developed in Chapter 6. Likewise for Jean 
Alternative Route.
For Modified Valley route, the population index for North Las Vegas, Indian 
Springs, and Caliente City are 9.5, 6.9 and 6.6, respectively. The corresponding level 
of analysis for each is block, tract, and tract. In evaluating the route, the highest 
level of analysis is recommended which is the block level. Therefore, it is the 
required level of analysis. For Jean Alternative Route, the population index for each 
affected places are: 2, 1.6, and 9. These correspond to county, tract and block level 
of analysis. The highest level of analysis for this route is block level, but the area 
that represents the block level is Jean which is considered as a special population. 
Therefore, the next level, tract is selected as the required level of analysis. Based on 
the detailed analysis using the census data, the Modified Valley Route indicates that 
the block level of analysis is the most suitable level of analysis. Using the population 
index developed, the Modified Valley Route corresponds to block level index. For 
the Jean Alternative Route, the required level of analysis based on the census data 
is tract. Using the population index, the required level of analysis falls on the tract 
level.
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Table 7.5 Population Index of Affected Places Along Alternative Routes
Alternative
Route
Affected Places Population Area (sq km) Density 
persons/sq km
Population
Index
Required Level of 
Analysis
Place Route
Modified
Valley
North Las Vegas 47707 157.9 302.0 9.5 Block Block
Indian Springs 1164 3.8 306.3 6.9 Tract
Caliente City n i l 3.9 284.9 6.6 Tract
Jean Mesquite Valley 79 68.7 1.15 2 County Tract
Pahrump 7424 660.1 11.2 1.6 Tract
Jean 664 1.5 442.7 9 Block*
■D
CD
C /)
C /) * Jean Population is mostly prisoners concentrated in one area and may be considered as special population
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While, the results using the population indices tally with that of the census 
data, only two alternative routes were evaluated and a 0.5 mile buffer was only used. 
This may only be applicable for these selected routes. It is therefore necessary to 
evaluate additional routes and to use different impact distances to validate the use 
of the population indices developed.
7.6 Route Comparison
As mentioned earlier, the population estimation based on county density is 
inclined to overestimate the affected population for both alternative routes. 
Population estimates on the tract level is underestimated for Modified Valley and 
comparable to the block level for Jean route. Table 7.6 shows the results using the 
block level.
Table 7.6 Comparisons of Population Estimates Between Alternative Routes
Alternative
Routes
Total
Length
(km)
Weighted
Population
Sum
Population
Critical Link
Length
(km)
Population
Modified
Valley
416.35 3 1098 3.0 978
Jean Route 221.05 2 539 14 98
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On the basis of minimizing risk, Jean Alternative Route appears to be more 
favorable than Modified Valley Route. The affected population per unit length of 
Jean Route is 2 persons/km which is less than that of Modified Valley Route with 3 
persons/km. The total affected population along the entire stretch of Jean Route is 
539 which is almost 50 percent of Modified Valley Route. When comparing the 
critical links, the critical link in Jean Route has 98 people stretched over a distance 
of 14 km whereas for Modified Valley Route, the critical link has 978 people 
stretched over a distance of only 3 km. It is to be noted that the length of Jean 
Route is shorter (221 km) than Modified Valley Route (416 km). Other routing 
factors which may be of importance in making routing decisions are not addressed 
in this study.
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CHAPTERS 
CONCLUSIONS AND RECOMMENDATIONS
In evaluating a route for hazardous materials, such as high level wastes and 
spent nuclear fuels, one of the most important issues that has to be considered is the 
population at risk. There are several methods in evaluating the population at risk 
for a specific route. It could be evaluated by assuming the population is uniformly 
distributed (density constant) along a route. Another method is the gradient method, 
which divides an area into districts and assumes that the population is distributed 
non-uniformly. The population in a district is distributed proportionate to the 
population densities of neighboring districts. The population density may be 
estimated using national, state, county, tract, and block population data. The degree 
of accuracy of population estimates is lowest at the national level, and is highest at 
the block level. The time and resources to perform an analysis of affected 
population increases with an increasing level of accuracy. However, depending on 
the population distribution in an area, a macro level analysis (county or state) may 
provide a similar result as in micro level analysis (tract or block). An extreme 
example is a case where the population is distributed uniformly across a county. 
Thus, it is imperative to determine the required level of analysis prior to performing
125
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an actual anzdysis. An analyst has to perform a detailed analysis, before he/she can 
tell the required level of analysis of a specific route could be at the national, state, 
county, tract, or block level. Yet currently, there is no methodology that can easily 
estimate the level of analysis for population.
This study tried to address the above concern. A population index was 
introduced and developed to identify the required level of analysis at a specific route 
for hazardous materials. The geographic characteristics of each population categories 
(nation, state, county, tract, and block) was analyzed using population data 
representing the State of Nevada. The analysis was divided into three (3) stages: 1) 
analysis of population distribution, 2) development of a methodology to estimate 
population index, and 3) route evaluation based on the census data and the 
population index.
Analysis o f Population Distribution
The analysis of population distribution was done by evaluating the population 
level at the national, state, county, tract, and block level. The variation of 
population and population density for each population levels were evaluated to 
identify the population level and variables which could be used to define the 
population index. The census level that shows the least variation in population 
distribution was used as the basis of estimating the population index. This study 
shows that the tract level has the least variation, where the population exhibits a 
natural trend. The trend shows an increase in density with an increase in population.
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Development of Methodology to Estimate Population Index
The population index is predicted based on the number of tracts, average 
number of tract, tract density, and county density. Population index is initially 
estimated for population groups <2500, 2500-8000, and ^8000. The population 
group 2500-8000 was the population range for defining a census tract The census 
grouping is further divided into two (2) groups, population <2500 and population 
^2500. At various ranges of densities, a population index was identified for each 
group. Population index in several places in Nevada representing population >2500 
and 2:2500 were evaluated. The densities of these places were later compared to the 
maximum, mean, and minimum densities at county, tract, and block level of places 
in Nevada that represent the population groupings <2500 and ^2500. These were 
used to establish the density ranges for each level of anatysis.
Route Evaluation Based on Census Data and Population Index
Two (2) rail routes were evaluated: Modified Valley and Jean, to determine 
if the index would work. This involves estimating the population at the county, tract, 
block level within the 0.5 mile buffer. The results of the estimates were evaluated 
and the required level of analysis was identified. Similarly, the population index 
along the route was determined by initially identifying the affected places along the 
route, estimating the index, level of analysis, and assigning the critical level of 
analysis among places to the route. While the results show that the required level 
of analysis for the population index matches the required level of analysis obtained
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
128
using the detailed population estimation, it is felt that the number of routes analyzed 
as well as the impact distance used are insufficient to draw a valid conclusion.
The following are the recommendations for future studies:
1) The study focuses only on the geographic characteristics, physical 
dimensions, and population of the area. It is recommended that additional factors 
such as population growth rate, area development patterns, and the presence of 
special population growth be also evaluated as potential indicators.
2) The population data used are those representing the State of Nevada. It 
should be noted that over the past six (6) years Nevada has experienced a 
tremendous population growth especially in Clark County. While others may have 
had experienced a decline in population. This may have affected the population 
index developed based on the 1990 data of the Bureau of the Census. Since the 
population may be considered affected by time, it may be appropriate to use 
historical data to establish a factor that could account for changes in population 
distribution.
3) In this study only two (2) alternative rail routes have been evaluated to 
support the index use of population index in determining the levels of analysis, and 
an impact distance of 0.5 mile. Additional routes and additional impact distances 
could be performed for further studies. The validation process could also be 
performed in other applications such as impact assessment, identifying highly 
populated area for evacuation planning, or installation of emergency response 
facilities, development of marketing strategies, zoning and redistricting, and others.
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